The thymus is a lymphoepithelial organ, and its morphometry is commonly utilized for surveillance of the immunological status of fetus and neonates. Many studies showed that fetal thymus size is used as a prognostic indicator for pregnancy-related disorders such as eclampsia, preterm labor, and gestational diabetes. The study aims to establish reference ranges of the normal fetal thymus size between 12 and 40 weeks of gestational age (GA). The study was conducted on 89 fetuses. They were dissected to capture the morphometry of thymus: transverse diameter, perimeter, and weight. Considering these parameters were dependent variables of GA and gestational weight (GW). Their relationship was studied by a multiple regression model. The best fit models in predicting thymic dimensions as a function of GA and GW were determined using regression analysis. Mean transverse diameter, perimeter, and thymus weight was 33.45±2.91 mm, 125.72±55.4 mm, and 3.078±3.06 g, respectively. They were increased throughout pregnancy as GA and GW advanced. The regression equation for a transverse diameter of the thymus as a function of GA was (0.303×GA-4.885, R 2 =0.8196) and for the perimeter of the thymus was (1.0212×GA-15.24, R 2 =0.8666). Reference ranges and baseline data of the normal fetal thymic dimensions between 12 and 40 weeks of GA have been established.
Introduction
Evaluating organ measurements against the known standard is very helpful for perinatal pathology. Major organs such as liver, lung, kidney, and adrenal gland have steady growth and least affected in immunological and nutritional challenges after 20 weeks except for thymus [1] . The thymus is a bilobed primary lymphoid organ. It has a significant role in the differentiation, selection, and maturation of T-cell lymphocytes [2] . The development of thymus begins at the 5th week of gestation from the third pharyngeal pouch (ventral part), and lymphocytes start to form in the thymus during the ninth week of gestation [3] . The thymus grows and enlarges continuously between the prenatal period and puberty. The thymus has an active response to systemic fetal inflammation during the prenatal period. The stress involution might appear during the prenatal phase in response to different forms of acute stress stimuli such as infection, trauma, sepsis, and malnutrition [4] . Endogenous corticosteroids and systemic inflammatory mediators trigger it in response to the above conditions [5] [6] [7] . These conditions are also leading causes of intrauterine growth retardation (IUGR) of a fetus. Further, IUGR predisposes risk of perinatal morbidity and mortality [8] . Such morbid conditions may alter the thymus size and cannot be used as baseline data, and further cannot be uti-lized for assessing the growth of the fetus in utero.
The current literature identifies fetal thymus size as the sensitive prognostic tool for pregnancy-related disorders e.g., eclampsia, preterm labor, chorioamnionitis with or without premature rupture of membrane, and gestational diabetes [6, [9] [10] [11] [12] .
Assessment of thymic hypoplasia requires normal comparative data of thymic size respective to the gestational age (GA). Four sets of measurement were considered by most of the authors, e.g., transverse diameter, thymic perimeter, thymic index, and thymic-thoracic ratio. The data regarding these parameters were collected mostly by ultrasonography, and few were by magnetic resonance imaging [13] [14] [15] . The empirical and baseline data of fetal thymuses were found highly variable due to the differing methodologies. Also, the difference in demographic parameters like racial or cultural or nutritional may affect the development of thymus in utero.
There is a paucity of data from dissected human fetuses for correlation. Majority of the authors considered only single parameters for their study in published literature either transverse diameter or perimeter. Thymus diameter measured by ultrasonography in 250 fetuses, and it was observed that diameter was not reliable after 28 weeks of gestation [16, 17] .
This study considered the addition of thymus weight, transverse diameter, and perimeter to improve sensitivity and specificity as a prognostic indicator because of its asymmetric shape.
The cross-sectional study was done on the fetal thymus to derive baseline data and to establish the accurate reference value for all trimester from dissected fetal thymus and its association with GA or gestational weight (GW).
Material and Methods

Selection of fetuses
The ethics committee of the institute approved the study ( charts of fetal morphometrics to avoid any error [17] . The fetuses having a weight below the 10th percentile for gestational age, macerated thymus congenital anomalies, placental, or umbilical cord anomalies and history of chronic maternal illness, eclampsia, diabetes, hypertension, and smoking were excluded from the study. The fetuses aged between 12 and 40 weeks with weight above the 10th percentile were included in 93 fetuses (Fig. 1A) . For convenience, all fetuses were classified into seven groups as per GA at 4-week interval from 12 weeks to 40 weeks (group I to VII).
Dissection procedure
The thymus was dissected by a midline incision from the thyroid cartilage to below to xiphisternum and even extended up to umbilicus in some cases to get a clear view. The skin and superficial fascia have reflected both sides. The deep cervical fascia was incised at midline till sternum. The sternocleidomastoid muscles were reflected on the corresponding side.
The upper end of the infrahyoid muscles was detached. The soft tissues and fat were removed to get a clear visualization of the fetal thymus as an oval bilobed structure.
Data acquisition
Maximum transverse diameter, maximum length, and thickness were recorded by digital vernier caliper (sensitivity, 0.01 mm) in situ without detaching it from vascular bed (Fig. 1B) . Then thymus was detached from its bed, especially from brachiocephalic veins. Both surfaces of the thymus were colored green with the help of soft brush and impression was made at graph paper. The perimeter of the fetal thymus was recorded by scan image of graph paper with the help of the ruler of Adobe Photoshop CS 5.0 (Fig. 1C) . www.acbjournal.org monk, NY, USA). The t test applied for intergroup variation, and ANOVA was used for all groups to compare the mean. The intraobserver agreement was measured with the help of Bland Altman plot. For studying the impact of the size of the fetus on the dimensions of the thymus, the ratio between the thymus perimeter and fetal anthropometric parameters were calculated. The fetal thymus perimeter increases as a function of GA and GW. For studying the association among them, the multiple regression was applied by using open least square (OLS) regression. For assessing the linear model, fitted value, the standardized residual value was calculated, and the residual plot and the scattered graph was traced between the fitted value and observed value for each multiple regression models for prediction and explanation considering P<0.05 significant (Figs. 2, 3 ).
Statistical analysis
Results
Measurements of thymus size were obtained in 89 fetuses between 12 and 40 weeks gestation in which 37 were male fetuses and 52 were female fetuses. Mean age of fetuses was 27.56±8.24 weeks. The mean weight of the thymus was 3.783±1.05 g (Tables 1, 2 ). The intraobserver agreement was under the confidence limit of 95%.
Transverse diameter
The mean transverse diameter of the fetal thymus was 33.45±2.91 mm ( Table 2 ). In fetuses of 12 to 16 weeks (group I) were having a transverse diameter from 2 to 3 mm (2.3±0.5 mm). In the next 4 weeks (group II) transverse diameter ranged from 4 to 13 mm (6.87±3.23 mm). In group III (20-24 weeks), the transverse diameter ranged from 6 to 18 mm Fig. 2 ).
Perimeter
The mean perimeter of the thymus was 125.72±55.4 mm ( Fig. 2 ).
Thymus weight
The mean thymus weight was 3.078±3.06 g ( Table 2 ). The weight of thymus in group I to group VII varied from 0. 
Discussion
The human thymus is a delicate organ which is under the influence of environmental factor, nutritional and immunological status. This study aimed to determine the perimeter and transverse diameter of the fetal thymus in normal human fetuses aged between 12 and 40 weeks. Secondarily we were able to develop a normative data of thymus size that could be utilized as a prognostic indicator of perinatal morbidity. [15] . The mean fetal thymic transverse diameter measured at 19th week was 12 mm and at 33rd week was 33 mm while at term was slightly higher than GA [18] . They have defined that growth pattern of the thymus was similar to other fetal organs like liver, kidney, colon-rectum, and thyroid [19] [20] [21] [22] . Their findings were also similar as in group II and group V fetuses of this current study. Gur et al. [23] discussed the normal fetal thymic perimeter was 93-94 mm, and it was significantly higher than vitamin D deficiency fetuses 76-85 mm (P=0.04). In another literature, fetal thymic transverse diameter during the second and third trimester of uncomplicated singleton pregnancy was ranged 12 to 25 mm in 18-28 weeks and ranged 27 to 40 mm in 29-38 weeks. Our finding in the same age group was similar or slightly higher side. The disparity in the value might have arisen from the methodological difference. Gamez et al. [24] measured the transverse diameter was 24.22±6.7 mm (singleton pregnancy) and 23.9±6.3 mm (twin pregnancy) with P-value of 0.2 (insignificant difference). Another author conducted a study on 296 women to measure the maximum diameter of thymus and its relation with GA and biparietal diameter (BPD). They reported a significant correlation of diameter of thymus with GA (r=0.915, P<0.001) and BPD (r=0.916, P<0.001) and given regression equation 2.476×GA-0.019×GA2-25.904 and 0.522×BPD-8.245 in millimeter [25] . This study observed the mean transverse diameter of the thymus as 33.45 mm and found effective associations with GA and GW. In addition to the above finding Gamez et al. [24] also evaluated the thymic perimeters were 67.9±19.9 mm (singleton pregnancy) and 66.3±20 mm (twin pregnancy) without any significant difference (P=0.3). Zalel et al. [22] conducted an ultrasonic evaluation of thymus in 403 fetuses in Israeli population and found mean perimeter at 14 week of gestation was 22.42 mm (17.97-26 .87 mm), and at the 38th week of gestation, it became 128.38 mm (121.08-135.66 mm). According to these authors, the size of the thymus has a strong correlation with age (r=0.965) and thymus perimeter (mm)=4.41×GA-39.39 by regression analysis with 90% prediction limit [22] . The transverse diameter of the fetal thymus estimated in 98 fetuses by ultrasonography, and its median value was 27.5 mm, and the range was 22.5-31.4 mm [26] . The perimeter of fetal thymus measured and reported a strong association with GA and BPD [25] . In our study, the perimeter of human fetal thymuses was 125.72 mm. It has a significant relationship with GA and GW. The difference between ultrasonography and our observations existed. It might be possible due to equivalent echogenicity of the thymus to surrounding lung tissue, which compromises the accuracy due to the difficulty to localize and delineate fetal thymus for measurements by ultrasound.
The weight of thymus measured in 250 fetuses aged from GA 12-26 weeks without considering sex, racial, and ethnicity variation, which was varied from 0.01 to 2.04 g [27] . The weight of thymus evaluated in 673 formalin-fixed fetuses (13-42 weeks of gestation), and they found the range from 0.09 to 22.34 g. They also analyzed the 5th and 95th percentile value. The 5th percentile of thymic weight was ranged from 0.04 to 11.75 g, and 95th percentile value ranged from 0.20 to 32.93 g for the aforementioned GA [28] . In our study, the mean weight of thymus was 3.783 g and range value was 0.10 to 10 g for GA from 12 to 40 weeks.
Most of the authors have taken different parameters to assess the growth of the thymus in the fetus by ultrasonography. Localization of fetal thymus in the early weeks of gestation is not so easy and recording the transverse diameter, perimeter, or surface area are varied according to the mobility of fetus, techniques, and machines. Analyzing the transverse diameter and perimeter of the thymus are two-dimensional analysis, but for healthier analysis, we should consider three-dimensional analysis like weight or volume of the thymus. The previous literature did not provide a relation of thymus weight with transverse diameter and perimeter or surface area by ultrasonography. Most of the literature showed the correlation of parameter of thymus or thymic index with GA and GW. In our study, we have taken thymus weight, transverse diameter, and perimeter along with GA and GW and computed relation among them by regression analysis. In vivo measurement of thymic parameters in fetuses has better accuracy than ultrasonographic measurements because of easy visualization and high intraobserver and interobserver correlation coefficient with 95% confidence limit. We have introduced the computation of thymus weight from transverse diameter and perimeter (Table 3 ).
In conclusion, the current study provides the relation between thymic size with GA and GW, which can be utilized for developing nomogram and for assessment of fetal growth in utero. This relation could be used in mortality meet by the clinician to assess fetal progress or deterioration during perinatal disorder or perinatal pathologist to compare with www.acbjournal.org https://doi.org/10.5115/acb.19.094 the normal and possible cause of death to some extent. It is a well-known fact that maternal biochemical parameters, such as C-reactive protein, procalcitonin, and leukocytosis, are inadequate, and monitoring of thymus would be of good prognostic value in intrauterine disorders. Thymic parameters will help to study the growth pattern and immunological development of fetuses and any value beyond 95th or 5th percentile considered abnormal will be the sign of fetal stress and needs to investigate the possible reason of fetal distress like preterm labor or premature rupture of membrane, gestational diabetes or history of smoking. The size of the thymus is utilized as a prenatal marker for the fetal immune-endocrine response to malnutrition. These data cannot be used for postnatal screening, and this limitation gives future scope for further study in postneonatal and pediatric age groups. Further, the correlation between the thymic size and the percentage of T cells, complement and thymosin levels in cord blood could be studied. 
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